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Description 

Technical Field 

me present invention relates to novel insulin analogues being stabilized against chemical modifications 
and to novel insulin preparations containing such insulin analogues. 

Bacl<Qround of the Invention 

When insulin is handled at body - (or even room -) temperature the biological potency tends to decline 
as a function of time. Such loss of biological potency may be ascribed certain chemical modifications of 
insulin occurring during storage. ^ . , ^ ^ 

Uke other proteins, insulin is not a stable entity but is liable to degradation by chemical reactions with 
molecules or ions in its vicinity, or to intra- and intermolecular transformations within the insulin molecules. 

Hydrolytic transformation of insulin in acid solution with the liberation of ammonium ions and formation 
of deamidation products has been reported by Sundby (J.Biol.Chem. 237 (1962), 3406^11) who dem- 
onstrated that monodesamido-(A21Hnsulin is the prevailing derivative fomied. 

Jackson et ai. (Diabetes 21 (1972). 235-245) compared add and neutral solutions and showed that 
similar, but less pronounced deamidation can be observed in neutral regular insulin. Stow deamidatton of 
insulin in neutral solutfon as well as in two different neutral suspensions was reported by Schlichtkrull et al. 
(Handbook of Experimental Phannacology. New Series. Vol. XXXII/2. Springer Verlag, pp. 729-777). 

At higher storage temperatures significant deamidation can also be observed in neutral solution in which 
the hydrolytic transfdrmation has been shown to take place in the B-chain of insulin mainly at Asn(B3> 
(Brange et aJ.. Diabetologia ^ (1983). 193 (abstract)). The rate of deamklalton in neutral insulin preparations 

2S varies with the formulation. ^ ^ 

Whereas desamkto-insulin generated in acid medium is hydrolyred in position A21 the producte formed 
at neutral pH are deamidated in the B-chain partiy by hydrolysis off Asn(B3), partiy by an a-fi aspartyl 
rearrangement of Asn(B3) with concomitant deamkfation. 

Formation of small amounts of covalent dimerizalion and polymerization products of insulin during 
Storage of neutral preparatkMis was reported by Schlfchtiaull el al. (supra) and Brange et al.. Diabelotogia 27 
(1984). 259. In neutral solutions this transformation varies with ttie formulation and the brand of insulin. 

Insulin covalent dimerizatton is mainly due to a reaction of an N-tenninal amino group witti a 
cariboxamlde group of asparagine or glulamine. 

Anottier part of dimerization is mainly due to a reaction of aWehyde with insulin amino groups forming a 
bridge between two insulin molecules. _ 

It is tiie object of ttie present invention to provkle novel insulin analogues which are substantially less 
susceptible to the above described chemk^al transfonnations and degradation. 

The objectives of this invention are achieved with the novel human insulin analogues hereinaffter 
described 

A large number of insulin anatogues have been described in tiie past MSrid et al. (Hoppe-Seyler's 
Z.Physk)I.Chem.. 360 (1979). 1619-1632) describe synttiesis of anatogues of human Insulin that dift^ from 
human insulin in tiie replacement of a single amino ack5 in positions 2. 5. 6, 7. 8, and 11 of the A-chain and 
5, 7, 13: and 16 of tiie &^n affdrding new insights into ttie intriguing structure activity relationship of 
insulin. Furtiier studies modified the major receptor binding area in insulin (B(22)-B(26)) to investigate ttte 
impact of such mutetion on the receptor binding activity. Stability against chemical degradation and 
transformation was. however, not discussed. 

By "insulin analogues" as used herein is meant a compound having a molecular structure similar to ttial 
of insulin including ttie disulphkte bridges between Cys)A7) and Cys(B7). and between Cys(A20) and Cys- 
(B19) and an internal disulphide bridge between Cys(A6) and Cys(A11) and witti insulin activity. 
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Summary of the invention 



in ite broadest aspect ttie present invention provides Insulin anatogues wherein one or more asparagine 
resklue (Asn) or glutamine resWue (Gin) has been replaced by anottier naturally occunring amino acid 
55 residue. 

The insulin analogues according to the present invention can be characterized in ttiat Asn in positiori B3 
is substituted by anottier naturally occunring amino acid residue and wherein further at toast Gin in position 
AS or A15 or Asn in position AIB or A21 is substituted by anottier naturally occurring amino acid residue 
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and optionally also Gin in position B4 is replaced l>y another naturally occurring amino add residue. 

TTie sut)stituent8 for Gin can In principle be any naturally occuning amino acid residue with no free 
amide group in the side chain. Prefened substituents are Glu, Asp, His, Ser. Thr. Val. Leu, lie. Ala. Met, Trp. 
Tyr and Giy, Glu and Asp being most preferred, 
s The substituents for Asn can in principle be any naturally occurring amino acid residue, including Gin. 
Preferred substituents are Glu. Asp. His, Ser. Thr. Val. Leu. lie. Ala. Gly. 1^ Trp. Tyr and Gin. Glu and 
Asp being most preferred. Preferred substihjents for Asn{B3) are Asp, Gin, Ser, Thr or Gly. 

Although Asn will preferably be substituted with an amino add residue containing no free amide group 
in the side chain, a stabilization against chemical degradation might in some instances be obtained by 
10 substituting Gin for Asn. The reason for this is ttiat Asn is considered to be more susceptible than Gin to be 
deamidated. to form rearrangement products or to participato in dimerization reactions. 

Replacement of Asn in B3 may be combined vrith replacement of Asn(A21) or Asn(Aia). Also 
replacement of Asn in B3 may be combined with replacement of Asn in A18 and A21 or Gin in A15 and Asn 

IS The present invention is not contemplated to be related to stabilization of native insulins such as 
human, pork or beef insulin, only. In the recent years a number of insulin analogues have been developed 
in which certain amino add residues of human insulin have been replaced by other amino add residues. 

In European patent application No. 214828 rapid acting insulin analogues are described in which one or 
more of the amino acid iBsldues in the positions AS. A9. A10. A13, A21. B1. B2. BS, B9. BIO. B12. B14. 

20 B16. B17. B18. B20. B26. B27 and B28 of human insulin are replaced by another amino add residue. 
Preferred substituems are Glu and Asp. As these insulin analogues have retained Asn and Gin in positions 
A18 and B3 for A5, A15 and B4, respectively, they may as well be stabilized against chemical degradation 
according to ttte present invention. 

Examples of such rapid acting insulin analogues being stabilized against chemical degradation are such 

25 containing an Asp or Glu In position B9. B10. B27 and/or B28. 

Another group of known insulin anatogues are described in European patent application No. 254.516. In 
these insulin analogues a basic amino acid residue has been substituted in B27 position andA)r a neutral 
amino acid residue has been inserted in the A4. A17. 813 andfor B21 position. Furthemwe Asn(A21) may 
be substituted by another amino acid reskJue in order to increase the stability of insulin solution containing 

30 the protracted insulin analogues at acid pH. The present invention, however, goes farther than what is 
described in EP No. 254.516 suggesting substitutfons of Gin and/or Asn In position A5, A15, A18. B3 and 

B4 as well ^ . 

The present invention ie also contemplaled to comprise certain derivations or farther substrtutons of the 

insulin analogues provided tiiat such derivations or substitutions have no substantial impact on tt» aimed 
36 goal of the invention. It Is accordingly possibte to derivate one or more of the fanctional groups in the amino 

acid residues. For instance, intended to be within the scope of ttiis invention would be £er se known 

conversion of add groups in the insulin molecule into ester or amide groups and conversfoo of alcohol 

groups into alkoxy groups or vk^e versa. 

Also intended to be within the scope of this Invention is addition or removal of a f^ amino acid 
40 resklues at the N- or C-terminal ends of the A- and B-chains provided that this has no significant impact on 

the overall properties of the insulin analogues. 

Such modiffcations at the ends of the A- and Bi)olypeptide chains may be exercised In vitro on the 

insulin anatogues according to the present invention or by means of recombinant DNA-technotogy. as will 

be apparent for the person skilled In the art. 
45 The novel insulin anatogues accoiding to the present Invention may be prepared by aHenng tt>e 

proinsulin gene through replacement of codon(s) at the appropriate site in the native human prolnsulin gene 

by codon(s) encoding the desired amino add residue substitute(8) or by synthesizing the whole DNAr 

sequence encoding the desired insulin analogue. The gene encoding the desired insulin anatogue is then 

inserted into a suitable expresston vector whfoh when transferred to a suitable host organism, e.g. E. coli. 
60 Bacillus or yeast, generates the desired product. The expressed product is then isolated from the cells or 

the cuHure broth depending on whether the expressed product is secreted from the cells or not 

The novel insulin anatogues may also be prepared by chemtoal syntiiesis by methods analogue to flie 

mettiod described by MarW et al. (Hoppe-Seyler's Z. Physiol.Chem.. 360 (1979). 1619-1632). They may 

also be fonned from separately in vifro prepared A- and B-chains containing the appropriate amino acid 
55 resMue substifations. whereupon the modified A- and B^hains are linked together by establishing disuh 

phkto bridges according to known methods (e.g. Chance et aL. In: Rick DH, Gross E (eds) Peptides; 

Synthesis - Strucfare - Function. Proceedings of the seventh Amerfcan peptide symposium. Illinois, pp. 721- 

728). 
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■me insulin analogues may furthermore be prepared by a mefhod analogue to the method described in 
EP oatent application No. 0163529A. the disclosure of v*hich is incorporated by reference hereinto. By such 
a meftod an insulin precuraor of human insulin wherein Lys« is connected to Gly*" by means of either a 
peptide bond or a peptide chain of varying length with correctly positioned disulphide bridges is expressed 
and secreted by yeast and then converted into human insulin by the soolled transpeptidation reaction. 

Accordingly the present insulin analogues may be prepared by inserting a DNA-sequence encodings 
precursor of the insulin analogue in question into a suitable yeast expression vehicle which when ttansferred 
to yeast is capable of expressing and secreting the precursor of the insulin analogue in which Lys«- is 
connected to Gly^ by a peptide bond or a peptide chain with the fermula I 

-R«-R'- (I) 

wherein R is a peptide chain with n amino add residues, n is an Integer from 0 to 33 and R' is Lye or Arg 
when cuRuring the transfonned yeast strain in a suitable nutrient medium. The precuteor is then recovered 
IS fram the cuHure bro» and reacted with an amino compound with the formula II 

Q-OR" (II) 

wherein Q is the amino acid residue which is to be inserted In the B30 position, preferably Thr. and R" Is a 
20 carboxy protoding group (e.g. methyl or tert-butyO. using trypsin or trypsinHike enzyme as afatelyst ina 
SSu2^ S wator arS cyanic solvents anatogously as described in US patent specification No. 4.343.898 
(the disclosure of whfeh is incorporated by reference hereinto) whereupon the carboxy protecting group is 

removed and the insulin analogue is isolated from the readton mixture. 

The insulin analogues may also be prepared by a method analogue to the method descnbed in EP 
2s oaient application No. 86302133.3 the disclosure of whidt is incorporated by reference hereinto. By this 
method insulin precursors of the type having a bridge between the A- and Mtain consisting of a singte 
pair of basic amino add (Lys. Arg) are made in yeast and then com«rted into insulin by an enzymabc 

present Insulin analogues may be used for the preparaBon of novel insulin preparations with insulin 
30 activity to be substituted tor human or pordne insulin in the insulin preparations heretofore Imown to the art. 
Such novel insulin preparations contain the insulin analogues according to the present inventkxi ora 
pharmaceutically accepttble satt thereof in aqueous solution or suspension, preferably at neutral pH. The 
aqueous medium is made isotonic, fbr example with sodhjm diloride. sodium acetate or glycerol 
Furthermore, the aqueous medium may contain zinc ions, buffers such as acetete and cdrato and 
as preservatives sudi as n«resol. methylparaben or phend. the pH value of the preparation is adjusted to the 
desired value. The insulin preparabon is made sterile by sterile filtration. 

The insulin preparaltons of this invention can be used similarty to the use of the known insulin 
preparations. 

40 Terminology 

The abbreviattons used for the amino adds are those stated in J.Bk)I.Chem. 2« (1 868). 3 5Sa The 
amino adds are in the L configuration. Unless otherwise indicated, the species of insulins stated herein is 

*'""as used in the foltowing text B(1-29) means a shortened B-chaIn of human insulin from B(1)Ptw to B- 
(29)ly8 and A(1-21) means the A<hain of human insulin. _ 
The substitulion(s) made in the human insulin molecule according to the practfce of the invention » 
(are) indicated with a prefix referenced to human insulin. As an example Glu(B3) human insulin means a 
human Insulin analogue wherein Glu has been substituted for Asn in position 3 in the B^hain. Glu(B3).B(1- 
29>-Ala-Ala-Lys-A(1-21) human insulin means a precursor tor the insulin analogue wherem Glu has been 
substituted itor Asn in position 3 In the shortened B<haln (see above) and wherein the B(1-29)<hain and 
the A-chain (A(1-21)) are connected by the peptkle sequence Ala-Ala-Lys. Unless otherwise slated itis to 
be understood that the B(1-29) chain and A(1-21) chain are connected by disulphide bridges between A(7)- 
Cys and B(7)Cys and between A(20)Cys and B(19)Cys. respectively, as in human insulin and that the Ar 
65 chain contains the Internal disulphide bridge between A(6)Cy8 and A<1 1)Cy8. 
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Detailed description 

Genes encoding the p«»cursoi« of the insulin analogue can be prepared by modificalion of genes 
encoding the corresponding human insulin precursors by site specific mutagenesis to insert or substitute 
s with codons encoding the desired mutation. A DNA-sequence encoding the precursor oftto insulin 
analogue may also be made by enzymatic synthesis form oligonucleotides corresponding in whole or part 

to the insulin analogue precursor gene. ^ ^ a. « ^.am^ 

DNA-sequences containing a gene with the desired mutahon are then combined w* a suitaMe 
promoter sequence, e.g. fragments coding for the TPI promoter fTPip) (T. Alber and ^^J^"^^ 

10 HuOMMe Sequence of the triose Phosphate Isomerase Gene of Saccharomyces cerevisiae. J.MolApplied 
Genet 1 (1982) 41W34). a suitable leader sequence and possiUe Iranecriplioo termination sequence. o.g. 
from TPI of S. ^siae fTPIr). These fragments provide sequences to ensure a WQh of 
lor the precureor encoding gene and also provide a presequence which can effect the tocalizahon rt 
precursor into the secretory pathway and its eventual excretion into the growth medium. The expr^wjon 

16 unite are furthermore provided with a yeast origin of replication, lor instance the 2u origin, and a selectable 

marker, for instance LEU 2. 

For the purpose of this invention we prepared the genes encoding the insulin analogue precursor in 
question by ligation of 10 oligonucleotides followed by insertion ofihe gene into a yeast e^^ireMon ptomid 
as descrilidVL. Thim et al.. ProcNatiJtead.Sci. USA W (1988), 8766^. and J. Markussen et al.. 
20 Protein Engineering 1 {1 987). 21 5-223. 

Example 1 

Production of GluCAIS), AspCAIS). A3p(B a) human insulin 

^ A synthetic gene for the precursor A8p(B3)B(1-29)-AlaAla-Lys.Glu(A15).Asp(A18),A(1-21) was con- 
stnicted from 10 oligonucleotides by ligation. The oligonucleotides were synthesized on an autom^ DMA 
synthesizer using phosphoramidite chemistry on a controlled pore glass support (Beaucage. S.L and 
CanOiets, M.H. Tetrahydron Letters 22 (1981). 1859-1889). The synthetic gene was as follows: 
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Bi 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 
ivDQHLCGSHLVEALYLVC 

Hinfl sail HlalV Hindlll Rsal 



ATTCGTCGACCAACACTT6T6C6GTTCCCA(32SSS^ 

GCAGCTe6TT<5reAACACGCCaUl6GGTGAACCAACTTC^ 



20 21 22 23 24 25 26 27 28 29 Al 2 3 4 5 6 

GERGFFYTPK AlaAlaLya G I V E Q C 
HphI MboII MstII,Ddel Ddal 




GGTCAAAGAGGTTTCTlSI&eACTCCTAAGGCTGerAAGGGTATTGTCS^ 
CCACTTTCTCCAAAGAAGATGTGAGGATTCCGACGATTCCCATAACAGCTTGTTAC6- 



7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
CTSICSLYELEDYCN 
Ksal R«al (-PVUII) Hgal 



TGTMCPCCATCTGCTCCTTGTAC^AATIfflaaSaCTACTGCAACTAGACGCAfiCC- 
ACATOGAGOTAGACGAGGAACaTCCTTAACCTTCTGATGACGTTGATCTGCGTCGG- 



Xbal 

CGCAGGCT 
GCGTCC6A6ATC 

Lettsis and numbers above the DNArsequence indicate the corresponding antino acid residue (by means d 
the one letter abbreviation) and its position, respectively, in the B- and in the A-chain. TTie sequence 
AlaAlaLys is the bridge between the A- and B^:hain. Also shown are the endonuclease restncnon sues in 

ThTiwrtiSc gene was llgated to a 330 bp EcoRI-Hgal fragment from piasmid pKFN9 coding for Ml=»l 
signal and leader sequeoce<1-85) and to the large EcoRI-Xbal fragment from pUC19. "f^^^n*?"**?^ 
PKFN9 containing a Hgal ate immediately after the DAFal leader sequence is described in EP patent 

**'^'^STgiton°SS was used to transform a competent E. oM strain (r . m+) selecting Itor ampldllin 
resistance. Sequencing of a »P-Xbal-EcoRI fragment (Maxam. A. and Gilbert W.. Methods Enzymol. M - 
(1980). 4fl9-S60) showed that plasmids from the resulting colonies contained the correct DMA-sequence. 

One conect piasmid was selected for further use and cut with EcoRI and Xbal. The EcoRI-Xbal 
fragment was ligated to a 8.5 Kb Ncol-Xbal fragment from pMTB3e and a 1.4 •* /^^'-E"™ ^"S"^^ 
PMT638. The construction of piasmid pMT638 is described In WO patent applicabon No. 89«1988. H 
contains the Schizo . pombe TPI gene (POT), the S. cerwisiae triosephosphate isomerease promoter and 
tennlnator. TPfand TPh (Alber. T. and Kawasald. G.. J.MolJ\ppl.Qeo. 1 (1982). 419^). 

The lesuHing piasmid encodes fot the fUlowing sequence 

TPIp-MFa1-signal-leader(1-85H)iecur8orgen»-TPlT , «, «oqoy 

where MFol is the S. cerevisiae MFo1 coding sequence (Kuijan. J. and Hershowits. I.. Ceo an 
943) and signaHeader(1-85) means that the sequence contains the first 85 amino add residues of the MFal 
signal-leader sequence. 



6 



EP 0 419 504 B1 



An S. cerevisiae (E2-7B XE11-36 a/a. Atpi Atpi, pep 4-3/pep «) was grown on YPGaL (1% Bacio 
yeast extract 2% Bacto peptone, 2% galactose, 1% lactate) to an O.D. at 600 nm of 0.6. 

100 ml of culture was harvested by centrifugation, washed wHh 10 mi of water, recentrffuged and 
resuspended in 10 ml of a solution containing 1.2 M sorbitol. 25 mM NasEDTA pH = ao. and 6.7 mgAnI 

5 dtthiotreitol. The suspension was incubated at 30* C for 15 minutes, centrifuged and the cells resuspended 
in 10 ml of a solution containing 1^ M sorbitol. 10 mM Na2EDTA. 0.1 M sodium citrate, pH = 6^. and 2 
mg Novozym<"> 234. Ttie suspension was incubated al 30*C for 30 minutes, the cells collected by 
centrifugation. washed in 10 ml of 1^ M sorbitol and 10 ml of CAS (15 M sorbitol, 10 mM CaCfe. 10 mM 
Tris-HCI CTri3 = Tfis(hydroxymethyl)aminomethan) pH = 7.5) and resuspended in 2 ml of CAS. For 

10 iransfonnalion 0.1 ml of CAS-resuspended cells were mixed with approximately 1 ag of the above 
described plasmid and toft at room temperature for 15 minutes. 1 ml of (20% polyethylenglycol 4000, 10 
mM CaCb. 10 mM Tris-Ha. pH = 7.5) was added and the mixture teft for further 30 minutes at room 
temperature. The mixture was centrifuged and the pellet resuspended In 0.1 ml of SOS (15 M sorbitol, 33% 
v/v YPD 6 7 mM CaCb. 14 ugMil leucine) and incubated at 30- C for 2 hours. The suspension was then 

IS centrifuged and the pellet resuspended in 0.5 ml of 1.2 M sorbitol. Then. 6 ml of top agar (the SC medium 
of Sherman et al.. (Methods in Yeast Genetics, Cold Spring Harbor Laboratory. 1981) containing 15 M 
sorbitol plus 2.5% agar) at 52* C was added and the suspension poured on top of plates containing the 
same agar-solidified. sorbitol containing medium. Tranaformant colonies were picked after 3 days at 30''C, 
resisolated and used to start liquid cultures. 

20 Transformant strains were grown on YPD medium (1% yeast extract, 2% peptone (from Difto 
laboratories), and 2% glucose) in a 1500 liter tank at 30* C. The expressed product was isolated from the 
cultore broth. The yield was 40.3 mg/liter. 



Transpeptidatton 

0 2 mole (47.1 g) Thr-Met. HOAC was dissolved in DMF to give 100 ml solution, 50 ml 76.5% v/v DMF 
in water was added and 10 g of crude Asp(B3).B(1-29)-Alft-Ala-Lys-Glu(A15),Asp(A18)A(1-21) human insulin 
was dissolved in the mixture, which was thermostated at 12'C. Then 1 g of trypsin in 25 ml 0.05 M calcium 
acetate was added and after 24 hours at 12'C the mixture was added to 2 liter of acetone and the 
precipitated peptides were isolated by centrifugation and dried in vacuo. TTie Glu(A15),A8p(Aia). A8p(B3)- 
,B30Thr-OMe human insulin was purified on a preparative HPLC column vwth silica-CIB as column material. 

The Glu(A15).Asp(A18),Asp(B3).B30Thr-0Me human insulin was dispersed in water to 1% (w/v) and 
was dissolved by additfon of 1 N sodium hydroxide to a pH value of 10.0. The pH value was kept constant 
at 10 0 for 24 hours at 25'C. The Glu(A15).Asp(A18)^p(B3) human insulin formed was prodprtated by 
addition of sodium chloride to about 8% (w/v). sodium acetate trihydrate to about 1.4% (w\). and zinc 
acetate dihydrate to about 0.01% (w/v) followed by addition of 1 N hydrochloric acid to pH 5.5. The 
precipitate was isolated by centrifugation and purified by anion exchange chromotography and desalted by 
gel fiteatfon. Yield: 2.40 g of Glu(A15).Asp(Aia)^p(B3) human insulin. 



40 Example 2 

Preparation of Glu(A18),Glu(B3)^p(B10) human insulin 

A synthetic gene encoding a precursor Glu(B3)>\sp(B10)-Ala-Ala-Lys-Glu(A18)A(1-21) was prepared as 
45 described in Example 1 . The gene had the following sequence: 
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Bi 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 
^FVEQHLCGSDLVEALY LVC 

Hinfl Nlaiv Hindlll Rsal 

iTTCGTTGAACAACACTTGTGCGGTTCCGACgaSfillGAAG^^ 
GCAACTTGTT6TGAACACGCCAAGGCTGAACCAACTTW 



20 21 22 23 24 25 26 27 28 29 Al 2 3 4 5 6 

GERGPPYTPK AlaAlaLys G I V E Q C 
gphi Mboll M8tII,Ddel Ddel TagI 

Cgr^Afl ftflAnr.TTJ?gF rqTACA CTCCTJAGGCrGCTAAGGGTATTGTCfi^^ 

SJSJtctccaL^gaSatgtgaggattc^^ 



7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
CTSICSLYQLEB^CM 
Raal (-Pvull) Seal Hgal 

TGTACCTCCATCTGCTCCTlOTACCAAT3SSAAfiaGTAC^^ 

aStgSggtagacsaggaacatggttaaccotctcatgacgttgatot 



Xbal 



C6CAGGCT 
GCXSTCCGAGATC 



LettMS and numbers above the DNA-sequence indicate the corresponding amino add residue (by means of 
the one lettsr abbreviation) and its position, respectively, in the B- and in the A-chain. The sequence 
AlaAlaLys Is the bridge bet»»een the A- and B<hain. Also shown are the endonuclease restriction sites in 

the synthetic gene. ... ^ . - , « 

The synthetic gene was inserted into a yeast transfOrmant plasmid as descnbed in Bcample l. 
Transformation of yeast and cuHivalion of the transformed yeast strain was conducted as described in 
Example 1. Yield of the precursor was 87.3 mgffiter, TTie precursor was tianspeptidlzed and converted into 
the above endproduct by the same procedure as In Example 1. Yield of Glu(A18).GIu(B3).Asp(B10) human 
insulin was 17.73 g. 

Examples 

Preparation of Gly(A21). Gln(B3) human insulin 

A synthetic gene for the precursor Gln(B3)B(1-29)-Alft-Ala-Ly»-Gly(A21)A(1-21> was constnjctBd as 
described in Example 1. The synthetic gene had the fbllowing sequence: 
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Bl 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 
PVQQHLCGSHLVEALYLVC 

Hinfl NlalV Hindlll Rsal 



10 



15 



20 



25 



30 



ATTCGTTCAACAACACTTGTGCGGTTCCCACIISSIIGAAGCTTTGTAC^^ 
GCAAGTTGTTGTGAACACGCCAAGGGTGAACCAACTTCGAAACATGAA^^ 



20 21 22 23 24 25 26 27 28 29 Al 2 3 4 5 6 

GERGFFYTPK AlaAlaLys G I V E Q C 
HphI MboII MstllrDdel Ddel 




GQTGAAASAGGTTTC TTCTACA CTCCTAAGGCroCTAAGGGTATTGTC gAA 
CCACTTTCTCCAAAGAAGATGTGAG6ATTCCGACGATTCCCATAACAGCTTGTTAC6- 



7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
CTSICSLYQLENYCG 
Rsal Rsal (-PvuII) Xbal 



TGTACCTCCATCrGCTCCTTGTACCAATTSSaMACTACTC 
ACATGGAGGTAGACGAGGAACATGGTTAACCTTTTGATGACGCCAATTA6ATC 

LettBiB and numbers above the DNA-sequence Indicale the corresponding amino add residue (by means of 
the one letter abbreviation) and its position, respectively, in the B- and in the A-chain. TTie sequence 
AlaAlaLys is the bridge between the A- and B^hain. Also shown are the endonuclease restriction sites In 
the synthetic gene. 

35 TTie synthetic gene was inserted into a yeast transformant plasmid as described in Exampie 1. 
Transformation of yeast and cultivation of the transformed yeast strain was conducted as described in 
Exampie 1. YtM oi the precursor was 19.6 mgfliter. The precursor was transpeptidized and converted into 
the above endproduct by the same procedure as in Example 1. rieid of Gty(A21),Gln(B3) human insulin 
was 0*31 g. 

40 

Example 4 

Preparation of Hi8(A18) .Ser(A21) ,Thr(B3) human insulin 

46 A synthetic gene for the precursor TTir(B3)B(1-29)-Ala-AIa-Lys-His(A18),Ser(A21)A(l-21) rtas construct 
ed as described in Example 1. The synthetic gene had the following sequence: 



50 
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Bi 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 
FVTQHLCGSHLVEALYLVC 

Hinfl Maelll NlalV Hindlll Rsal 



ATTCGTTACCCAACACrrTGTGCGGTTCCCACSlfiSSSSAAGCTOT 

GCAATGGGTTGTGAACACGCCAAfiGGTGAACCAACTTCGAAACftTGAACCRaAOG- 



20 21 22 23 24 25 26 27 28 29 Al 2 3 4 5 6 

GERCFFYTPK AlaAlaLys G I V E Q C 
HphI Mboll Mstll.Ddel Ddel 




GGTGAAAGAGGTTTCl^aaCACTCCTAAGGCTGCPAAGGGTATTGTQSaaCa^ 
CCACTTTCTCCAAA6AAGATGTGAGGATTCa»CGATTCCCATAACAGCTTGTTACG- 



7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
CTSICSLYQLEHYCT 
Rsal Rsal (-PvuII) PstI Xbal 



TGTACCTCCATCTGCTCCTTGTACCAATlfflaAS&CTACTGCAGTTAAT 
ACATGGAGGTAGACGA6GAACAT6GTTAACCTTGT6ATGACGTCAATTAGATC 



Lettera and numbers above the DNA^uence indicate the corresponding amino acid residue (by means of 
the one letter abbreviation) and its position, respectively, in the B- and in the Archain. The sequence 
AlaAlaLys Is the bridge between ttie A- and B<hain. Also shown are the endonuclease restriction sites in 
the synthetic gene. . 

•me synthetic gene was inserted into a yeast transformant plasmid as described in Example 1. 
Transformation of yeast and cultivation of the iransltormed yeast strain was conducted as described in 
Example 1. Yield of the precursor was 7.3 mg/fiter. 7110 precursor was tranapeplidized and convened Into 
the above endproduct by the same procedure as in Example 1. YtM of Hl8(A18).Ser(A21).THr<B3) human 
Insulin was 0.79 g. 

Neutral solutions of the above insulin analogues containing phenol and glycerol were tested lot stability 
after storage for tour weeks at 37<C. As reference was used a zinc tree neutral solution of human insulin 
and a rapid acting insuHn Asp(B10) human Insulin. Percent of desamldo products were determined by 
HPLC. The results appear from the following tatrie. 



Table 1 



Tested compound 


% desamldo-insulin 


Glu(A15).A3p(A18)^p(B3) human insulin 


0.7 


Gly(A21),Gln(B3} human insulin 


0.3 


His(A18).Ser(A21).Thr(B3) human insulin 


0.7 


Human insulin, zinc free (reference) 


8.5 


Qlu(A18).Qin(B3).Asp(B10) human Insulin 
Asp(B10) human Insulin (reference) 


0.7 
3.2 



It appears from the results in Table 1 that the insulin analogues according to the present invention are 
markedly less deamidated than the reference compounds and therefore more stat)le at storage. 

The novel insulin was tested lor in vitro insulin activity with human insulin as standard l>y a free fat ceil 
assay (FFC) as described by AJ. Moody et al.. Hormone Metab.Re8. 6 (1974). 12-18 using mouse 
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adipocytes. Tlid resuHs are shown in the foltowing lable. 



Table 2 



Tasted compound 



FFC % of human insulin 



Glu(A15).A3p(A18),Asp(B3) human insuiin 
Glu(A18).Glu(B3)^p<B10) human insulin 
Gly(A21),Gln(B3) hun^ insulin 



His(A1 8),Ser(A21 ).Thr(B3) human insulin 



58 
67 
62.7 
33.2 



In vitro biological activrty within the above magnitude will correspond to an In vhro bWoglcal acttvlty of 
the same magnitude as that of human Insulin (U. Ribel et al.. Diabetes Research and Clinical Practice. 
Supp. 1 to vol 5. pos. 003-3, 1988). 



1- Human Insulin analogues wherein Asn In position B3 Is substituted by another naturally occurring amino 
acid residue and wherein further at least Gin In posHion A5 or A15 or Asn In position A18 or A21 Is 
substituted by another naturally occuning amino acid residue and optionally also Qln in position B4 Is 
replaced by another naturally occuning amino add residue. 

2. Human insulin analogues according to claim 1. characterized In that Asn In position B3 and A18 Is 
replaced by another naturally occurring amino add residue. 

3. Human Insulin analogues according to dalm 1, characterized In that Asn In B3 and A21 Is replaced by 
another naturally occunring amino acid residue. 

4. Human Insulin analogues according to dalm l, characterized In that Asn In position B3 and A21 and 
Qln In position A15 is replaced by another naturally occurring amino add residue. 

6. Human Insulin analogues according to the previous claims, characterized In that the amino add residue 
replacement In positions A18, A21 and B3 Is selected from the group consisting of Qlu. Asp, His, Ser, 
Thr, Vai. Ijou. He. Ala, Mel Trp. Tyr. Gly and Qln. and the amino add residue replacement in position 
A5, A15 and B4 is selected from the group consisting of Qlu. Asp. His, Ser, Thr. Val, Leu, lie. Ala, Met, 
Trp, Tyr and Qly. 

6. Human Insulin analogues according to dalm 1, characterized In that the amino acid residue In position 
B3 Is Asp, Qln, Ser, Thr or Qty. 

7- Insulin preparations with Insulin activity, characterized In that they contain an insulin analogue according 
to any of the previous claims or a pharmaceutlcally acceptable salt thereof. 

8. A process for ttie preparation of human insulin according to dalm 1 , characterized in that a yeast strain 
transformed wHh a repllcable expression vehide comprising a DNApsequence encoding a precursor of 
the Insulin analogue In which Lys«" Is connected to Qly*^ by a peptide bond or a peptide chain with 



■R«-R'- (I) 

wherein R Is a peptide chain with n amino acid residues, n is an Integer from 0 to 33 and R^ is Lys or 
Arg, is cultured In a suitable nutrient medium, the precursor Is recovered from the culture bioth and 
reacted wHh an amino compound with the formula II 

Thr-OR" (10 

wherein R" is a cartjoxy protecting group, using trypsin or a trypsin-lil(e enzyme as a catalyst In a 
mixture of water and organic solvents whereafter the carboxy protecting group Is removed by 



Claims 



the formula I 
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hydrolysis. 
PatantanspfUehe 

5 1. Humaninsulin-Anatoge, in denen Asn in Position B3 durch einen anderen natQrIich auftretenden 
Anninosiurerest ersetzt ist und in denen auBerdem wenigstens Gin in Position A5 Oder A1S oder Asn in 
Position A18 Oder A21 durch einen anderen natQrIich auftretenden AminosSuierest ersetzt ist und 
fakultativ auch Gtn in Position B4 durch einen anderen natOrlichen auftretenden AminosSurerest ersetzt 
ist 

.10 

Z Humaninsulin-Anaioge nach Anspruch 1. dadurch gekennzelchnet. daB Asn in Position B3 und A18 
durch einen anderen natQrIich auftretenden Aminosdurerest ersetzt ist 

3b Humaninsulin-Anaioge nach Anspruch 1, dadurch gekennzeichnet, daB Asn in B3 und A21 durch einen 
16 anderen natQrIich auftretenden AminosMurerest ersetzt ist 

4. Humaninsulin-Anaioge nach Anspruch 1, dadurch gekennzeichnet daB Asn in Position B3 und A21 und 
Gin in Position A1S durch einen anderen natQrIich auftretenden AminosSurerest ersetzt ist 

20 & Hunwminsulin-Analoge nach den vorangehenden AnsprQchen, dadurch gekennzeichnet, daS der Amino- 
sSurerest-Ersatz in den Positionen A18, A21 und B3 ausgewMhIt ist aus der Gruppe, die aus Glu, Asp. 
His, Ser. Thr. Val, Leu. lie. Ala, Met. Trp, Tyr. Gly und Gin t)e8teht und der Aminosdurerest-Ersatz in 
Position A5. A15 und 64 ausgevy^hlt ist aus der Gruppe. die aus Glu. Asp, His, Ser, Thr, Val, Leu, lie, 
Ala. Met Trp. Tyr und Gly t)esteht 

25 

6. Humaninsulin-Anaioge nach Anspnjch 1, dadurch gekennzeichnet daB der AminosMurerest in Position 
53 Asp. Gin, Ser. Thr oder Gly ist 

7. Insulin-Zut)ereihingen mit InsulinaktivitSt, dadurch gekennzekshnet. daB sie ein Insulin-Analog nach 
30 einem der vorangehenden AnsprQche oder ein pharmazeutisch annehmtiares Salz desselben enthaHen. 

& Verfahren zur Herstellung von Humaninsulin nach Anspruch 1. dadurch gekennzeichnet dafi ein 
Hefestamm, der mit einem repliziert^aren Expressionsvehikel transformiert ist das eine DNA-Sequenz 
umfaBt. die einen VorlSufer des Insulin-Analogs kodiert in dem Lys°^ mit Gly^^ verknQpR ist durch 
36 eine Peptidbindung oder eine Peptidkette mit der Fbrmel I 

-Rn-R^-. (I) 

In der R eine Peptklkette mit n AminosMurerssten Ist, n eine ganze Zahl von 0 bis 33 Ist und R^ Lys 
40 Oder Arg ist, in einem geeigneten Nlhrstoff^edium kuHiviert wird, der VorlSufer aus der KulturbrQhe 
gewonnen und mit einer Aminoverblndung mit der Fomnel II 

Thr-OR",OI) 

46 in der R" ein Cartxjxy-Schutzgruppe ist unter Veiwendung von Trypsin oder einem trypsinShnlk:hen 
Enzym als einem Katalysalor In einer Mischung aus Wasser und organischen L5sungsmitteln zur 
Reaktion gebracht wird. woraufhin die Carboxy-Schutzgruppe durch Hydrolyse entfemt wird. 

Revendlcatlons 

50 

1. Anak>gue8 d'insuline humaine dans lesquels Asn en position B3 est remplac^ par un autre rteklu 
d'aminoacMe nature! et dans lesquels au moins Gin en position AS ou A15 ou Asn en position A18 ou 
A21 est remplacd par un autre r^sidu d'amlnoackJe natural et dvenhiellement Gin en position B4 est 
aussi remplac^ par un autre rdsklu d'aminoacide nahjrel. 

56 

2. Anatogues dMnsuline humaine seton la revendication 1. caracbSrisds en oe que Asn en position B3 et 
A18 est rsmplaoi par un autre rSsidu d'aminoackle natural. 
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Analogues d'insuline humaine selon la rovondication 1, caract^ris^s en ce que Aen en B3 et A21 est 
lemplaod par un autre rdsidu d'aminoadde naturel. 

4. Analogues d'insuline humaine seion la revendication 1. caract^iis^s en ce que Asn en B3 et A21 et Gin 
5 en position A15 sont remplac^s par un autre r^sidu d'aminoacide naturel. 

5. Analogues d'insuline humaine selon les revendications prec^dentes, caract^rls^s en ce que le r^sidu 
d'aminoacide de remplacement en position A18, A21 et B3 est choisi dans le groupe constitu^ par Glu, 
Asp. His, Ser, Thr. Val, Leu. lie, Ala. Met Trp. Tyr. Gly et Gin. et le rdsidu d'aminoacide de 

10 remplacement en position A5, A15 et B4 est choisi dans le groupe constitue par Glu. Asp, His. Ser, 
Thr, Val. Leu. lie. Ala. Met Trp. Tyr et Gly. 

6. Analogues d'insuline humaine selon la revendication 1. caiact^ris^ en ce que le r^sidu d'aminoacide 
en position B3 est Asp, Gin, Ser. Thr ou Gly. 

IS 

7. Preparations d'insuline k activity d'insuline, caract^ris^es en ce qu'elles oontiennent un analogue 
d'insuline selon I'une quelconque des revendicaiions puSc^dentes ou un de teurs sels pharmaceutique^ 
ment dcceptables. 

20 & Proc^dd de preparation d'insuline humaine selon la revendication 1. caractdrise en ce que Ton cultive 
dans un milieu nutritif convenabie une souche de levure transformee avec un v^hicule d'expression 
ieplicat>le comprenant une sequence d'AON codant pour un prdcurseur de I'analogue d'insuline dans 
lequel Lys"^ est reli^ k Gly^^ par une liaison peptidique ou une chalie peptidique de fbrmule I 

25 -R„-R^- (I) 

dans laquelle R est une chaihe peptidique de n rdsidus d'aminoacides, n est un entier de 0 & 33 et 
est Lys ou Aiig, on recup^re le pr^curseur & partir du bouillon de culture et on le feit r^agir avec un 
compose amino de fbrmule II 

30 

Thr-OR" 00 

dans laquelle R" eat un groupe protecteur de cartMxy, avec de la trypslne ou une enzyme analogue h 
la trypslne comme catalyseur dans un melange d*eau et de solvants organiques. aprte quoi on eiimlne 
3S ie groupe protecteur de carboxy par hydrolyse. 
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